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Abstract
Experiments exhibit that the lighter fiber grating sensor is more advantageous to couple with the earth. In order to 
reduce the sensor coupling with the atmosphere, different sensitivity sensors are embedded underground. The
experimental data show that reducing the sensor resonant frequency can improve the SNR of the system, but restrict 
the high frequency signals, and reduce the precision of P wave first arrival time pick. Experiments show the fiber 
grating sensor whose resonance frequency is 180 Hz can get a higher sensitivity and receive higher frequency
microseismic signals at the same time. On the premise of good coupling, signal quality monitored by fiber grating 
sensors reaches the piezoelectric sensors monitoring level.
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1. Introduction
The rock burst, coal and gas outburst in coal mine are inevitable relative to the microseismic events. 
The effective means to predict coal and gas outburst, fault activation etc is microseismic monitoring [1].
The coal mine microseismic monitoring technology relies on elastic wave record as a carrier for disaster 
analysis and forecast. The quality of the signal decides the microseismic monitoring success or failure. 
The chief step of microseismic monitoring is to collect high SNR (signal-to-noise ratio), high resolution 
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rock vibration signal, which is the key factor to enhance the microseismic sources location precision. The 
quality of the signal is affected with the coupling of the sensor and rock strata.
The sensor coupling is the interaction relationship between the sensor and the air, electromagnetic field, 
liquid, rock and other media in the process of receiving vibration wave [2].
In coal mine microseismic signal acquisition need to reduce the coupling between sensor and air, 
liquid. The fiber grating sensor is passive sensor which could get out of the interference of 
electromagnetic field, so needn’t shield electromagnetic interference. Strengthening the sensor and 
roadway rock coupling can improve the SNR and resolution of the recorded signal, improve the 
resonance frequency of the sensor and the earth, make the resonance frequency higher than the vibration 
signals effective frequency. High frequency resonance phenomenon doesn’t exist if the coupling well.
Sheriff thinks that the coupling parameter of the sensor and rock strata as well as the resonance 
frequency of the sensor and the earth are mainly influenced by the overall mass of the sensor [3]. From the 
point of the mechanics and kinematics, reduce the overall mass of the sensor can improve the acceleration
of the sensor movement. 
The length of the sensor tailcone is another important factor to influence monitoring signals. Longer
sensor tailcone can improve the resonance frequency between sensor and earth and reduce the high 
frequency signal absorption attenuation in the low speed area. But the tailcone length is not the longer the 
better, increase the sensor tailcone length could cause superposition effect, which is extremely 
disadvantageous to develop effective receive frequency band of the sensor, and protect the high frequency 
signal [4].
Piezoelectric sensors have been widely used in various industries fields in the past research. But as 
they need a separate power supply, the monitoring system is noneffective in an emergency when they are 
used in coal mine underground. Fiber grating sensors are all fiber design, so they are safe in essence.
They needn’t power supply, and are effective to avoid the underground electromagnetic interference. Thus 
fiber grating sensors have great superiority [5-8]. By contrasting the fiber grating sensor with the
piezoelectric sensor, the performance of the fiber grating sensor can meet the prescribed standard and can 
be applied to coal mine underground microseismic monitoring.
2. Experimental principle
2.1. Experimental parameters
The microseismic acceleration signal used to analysis is digital signal. Vibration analog signal is 
converted into discrete digital signals through the data acquisition card. Because the sampling 
microseismic signal x (n) is superposed with effective signal and noise signal. The noise signal u (n) can 
be achieved when there is no microseismic signal. For a discrete microseismic signal x (n), the effective 
signal s (n) can be calculated:
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Pu is the power of noise signal u (n), the superposition signal x (n) (SNR) is calculated using the 
following formula:
)/lg(10 us PPSNR = (dB).                                                                                                       (3)
Assuming that the microseismic signal x (n) is an element for linear space X ( Xx∈ ), the infinite 
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The two-norm square 
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is the energy of the signal.
2.2. Designing of sensor tailcone
The resonance frequency f between the sensor and the earth can be calculated as follows:
M
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where µ is the elastic stiffness of the earth, M is the overall mass of the sensor. In order to enhance the 
elastic stiffness of the earth, the length of the sensor tailcone should be increased. As wave spread in steel 
tailcone is faster than that in the rock strata, so sensor received is the superposition signal. Assuming and.
The frequency characteristics response of the sensor tailcone ),( fLY is the ratio of long tailcone 
sensor’s total output amplitude and L times of the ideal situation point tailcone sensor’s output amplitude. 
It can be calculated using the following formula:
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where v1, v2 and L are the average speed of rock strata surface, the speed of the tailcone, the length of 
tailcone. It’s found in Eq. (7) that the different length of the sensor tailcone has influence on the 
amplitude of different frequency signals. When the surface speed is 320 m/s, the steel tailcone speed is 
6000 m/s, tailcone length are 0.1 m, 0.2 m, 0.3 m, 0.4 m, 0.5 m, 0.6 m, 1 m respectively, the frequency 
characteristic curve is shown in Fig. 1. (a) below. 
When the sensor installed in underground coal mine, the coal and rock seam speed is 3000 m/s, steel 
tailcone speed is 6000 m/s, tailcone length are 0.1 m, 0.2 m, 0.3 m, 0.4 m, 0.5 m, 0.6 m, 1 m respectively,
the frequency characteristic curve is shown in Fig. 1. (b)
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Fig.1. (a) Response curve of different tailcone length on surface; (b) Underground mine
The high frequency signal attenuation of the sensor on the surface is obvious when the tailcone length 
is more than 0.5 m seen from Fig. 1 (a). When the tailcone length is 0.6 m, the signal begins to fall at 240 
Hz. When the tailcone length is 1 m, the signal begins to fall at 140 Hz. When the sensor is installed in 
coal mine underground, the frequency response from zero to 240 Hz are all planar with different length of 
tailcone as shown in Fig. 1. (b).
3. Ground vibration experiment in fiber grating sensor
3.1. The general situation
Fig.2. (a) Experimental ground; (b) Sensor embedded
The experiment in a piece of debris field(Fig. 2), data acquisition parameters are: the sampling 
frequency of 1000Hz, 16 A/D conversion, sampling time 4 s. Choosing 20 cm long steel tailcone and 2
cm in diameter. Using the STA/LTA method which common used in seismology and combining with the 
artificial judgements to P wave pick. The characteristic function CF(i) [9] can be calculated:
[ ]22 )1()()()( −−+= ixixixiCF .                                                                           (8)
At room temperature, with B.K.’s 4808 vibration machine, standard 4371 sensor, 7536 + 3109 
acquisition analyzer. Using sine excitation contrast method and inputting 20 Hz excitation signal. The 
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sensitivities of the sensors are shown in Table 1. The resonance frequency is natural frequency of the 
sensor. 
Table 1.Sensors’s sensitivity and resonant frequency 
Sensors f1 f2 f1+ y1 y2
Sensitivity (V.m-
1.S2)
59 32.5 4.15 1.2 1.2
Resonance 
frequency (Hz)
48 64 180 1000 1000
3.2. Experimental method
Adding a 800 g iron to the sensor and fixing them together with 0.2 m long tailcone. Installing sensors 
f1 and f2 15 meters far away from microseismic source. With 20 pounds (14 kg) big hammer striking the 
iron. Then exchange the 800 g iron for 20 g chip and do the same experiment. 
Excavating four holes a half meters in depth which are 8 meters distance from the microseismic source,
installing the fiber grating sensors f1 + and f2 in the holes. At the same time, installing piezoelectric 
sensors y1 and y2 into adjacent holes, and then filling the holes tightly with soil.
Repeating the experiment at least 3 times.
3.3. The experimental results and analysis
3.3.1. Different base sensors experimental results and analysis
Two sensors are at approximately the same distance from the microseismic source, theoretically their P
wave first arrival should be equal. The sensors f1 and f2 P wave first arrival difference value is ∆t in 
order to compare the difference of the P wave first arrival among the different overall mass sensors. 
Because received signals superposed resonance signals and acoustic interference, the received signal need 
band-pass-filtered from 5 to 40 Hz. The data after filtered are shown in Table 2 below:
Table 2.Different base sensors recorded data after filtered
Base Sensors
∞
x
2
2
x sP uP SNR(dB) ∆t (ms)
Chunk
f1 8.34×10-3 3.68×10-3 8.85×10-6 3.23×10-7 14.38
17.3
f2 7.63×10-3 2.1×10-3 1.18×10-5 9.65×10-7 10.87
Chip
f1 1.06×10-2 6.17×10-3 2.62×10-5 5.46×10-7 16.81 2.89
f2 8×10-3 3.31×10-3 1.75×10-5 3.2×10-7 17.38
According to sheriff, who proposed the sensor and the earth's coupling parameter:
M
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where ρ is the density of surface rock, γ is the sensor diameter, M is the sensor overall mass. The 
coupling parameter between earth and sensor is in inverse proportion to the overall mass of the sensor. As 
shown in Eq. (6), reducing the overall mass of the sensor could improve the resonance frequency between
the earth and the sensor.
Table 2 shows the chip base infinite norm significantly larger than the chunk as well as the signal 
energy after filtered. That’s mainly due to reduce the overall mass of the sensor so acquired acceleration 
value obvious larger in same microseismic source energy. When improving the coupling parameter
between the earth and the sensor, the signal energy of chip base is larger than the chunk base. Chip base 
sensor SNR significantly larger and P wave first arrival pick precision is higher than the chunk base.
Thus reducing the overall mass of the sensor would improve signal acceleration peak, the coupling 
parameter between the earth and the sensor, SNR and the P wave first arrival pick precision.
3.3.2. Chip base fiber grating sensor embedded underground experiment
The above experiment found that P wave first arrival pick precision by chip base sensor recorded data 
are better than the chunk base, but sensor exposed to air increased the sensor and atmospheric coupling, 
the monitoring signal superposed sound waves interference. In order to improve the sensor and the earth
coupling and reduce the sensor and the atmosphere coupling, experimenting chip base sensor embedded 
underground. After sensors embedded underground, the sensors couldn't acquire signal when struck in 15 
meters away, this suggest that effectively avoid sound waves interference. Choosing strike place 8 meters
away from the sensors. The first time strike signal waveform is shown in Fig.3. (a). 
Fig.3. (a) Chip base fiber grating sensor recorded Original signal; (b) Filtered signal; (c) Filtered amplitude spectrum
In Table 3 f0 is the signal main frequency, tdmax is the maximum P wave arrival time difference value of 
the sensors f1+ and f2, tdmin is minimum P wave arrival time difference value. Recorded original data are 
shown in Table 3. 
Table 3 shows signal of sensor f2 is in saturated condition and there was a big and fixed energy at
main frequency f0 in three times struck. That’s the sensor resonant interference in Fig.3. (a). Signal of 
sensor f2 in low SNR. Reflection wave, sound wave, power frequency signal, the wind interference, 
refraction wave are the interference wave in the surface microseismic signal, direct P wave, S wave are
effective wave. Effective wave band mainly concentrated between 5 to 40 Hz. Making the two sensors 
received three times signal band-pass-filtered from 5 to 40 Hz. The first time strike signal after filtered is
shown in Fig.3. (b). It’s better to eliminate the sensors resonant interference by means of band-pass-
filtered, after filtered amplitude spectrum is shown in Fig.3. (c). After filtered the parameters are shown in 
Table 4, Amax is the maximum of amplitude spectrum.
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Table 3.Underground sensor recorded original data 
Strike 
times
Sensors
∞
x
2
2
x sP uP SNR
(dB)
tdmax(ms) tdmin(ms) f0
(Hz)
1
f1+ 0.183 0.68 7.98×10-4 8.29×10-5 9.83
9.74 3.98
2-75
f2 0.154 0.28 3.47×10-4 3.16×10-6 20.4 64
2
f1+ 0.138 7.99×10-2 2.32×10-4 1.62×10-5 11.56 2-75
f2 0.154 3.67 2.09×10-3 9.05×10-6 23.63 64
3
f1+ 8.66×10-2 0.51 1.27×10-4 1.62×10-5 8.94 2-75
f2 0.154 3.4 1.86×10-3 4.58×10-6 26.09 64.25
Table 4.Underground sensors recorded filtered data
Strike 
times
Sensors
∞
x
2
2
x sP uP SNR(dB) tdmax(ms) tdmin(ms) Amax
1
f1+ 3.26×10-2 2.52×10-2 4.51×10-4 8.56×10-6 17.22
22.5 20.5
1×10-3
f2 3.48×10-2 5×10-2 2.37×10-4 7.42×10-6 15.04 1.4×10-4
2
f1+ 3.23×10-2 2.04×10-2 3.3×10-4 2.1×10-6 21.96 8×10-4
f2 7.49×10-2 0.11 1.7×10-3 7.27×10-6 23.69 4×10-4
3
f1+ 2.07×10-2 1.1×10-2 1.96×10-4 1.79×10-5 10.39 5.2×10-4
f2 3.02×10-2 4×10-2 1.25×10-4 5.2×10-6 13.81 3.6×10-4
Sensor f1+ acquired signal SNR significantly increased after filtered, but f2 acquired signal SNR 
significantly decreased. That is mainly because of sensor f1 + resonance frequency is higher, fiber grating 
sensor f2 resonance frequency at 60 Hz. When vibration happened near 60 Hz the small energy could 
cause sensor f2 larger energy resonance interference. Using the above method to calculate SNR, the 
resonant interfering signal before filter was regarded as effective signal. 
The resolution of microseismic signal synchronous increases with SNR. Sensor f1 + SNR increased
after filtered. Sensor f2 SNR decreased, thus the microseismic signal resolution decreased after filtered. 
The signal P wave first arrival pick precision is closely related to the resolution. The P wave first arrival 
pick precision significantly reduced when sensor f2 signal resolution decreased.
According to the fiber grating sensor mechanical model, the sensor sensitivity coefficient K is 
calculated:
2
0ω
a
K =
,                                                                                                                                     (10)
where a is constant relate to sensor structural mechanics,ω0 is the resonance frequency of the sensor.
Table 4 shows fiber grating sensor f1+ resonance frequency is higher and the average SNR after filtered
decreased 1 dB compared with f2. As shown in Eq. (10) that reducing the resonance frequency could
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improve the sensor sensitivity and SNR. Reducing the resonance frequency would limit sensor to acquire
high frequency signal, leading to P wave first arrival pick error increases. Because of the coal mine 
microseismic signal frequency is less than 100 Hz, thus in coal mine microseismic monitoring should 
adopt fiber grating acceleration sensor with resonant frequency at 180 Hz.
3.3.3. Piezoelectric sensor and fiber grating sensor comparison experiment
Taking piezoelectric sensors recorded three times vibration data at the same time as the fiber grating 
sensors received above. The sample system recorded the first time strike signal waveform is shown in Fig.
4. (a).
Fig. 4. (a) Piezoelectric sensor recorded Original signal; (b) Filtered signal; (c) Filtered amplitude spectrum
The specific parameters are shown in Table 5.
Table 5.Piezoelectric sensor recorded original data
Strike 
times
Sensors
∞
x
2
2
x sP uP SNR(dB) tdmax(ms) tdmin(ms) f0
(Hz)
1
y1 0.486 1.68 5.05×10-3 7.31×10-5 18.39
3.95 0.99 50
y2 0.316 0.84 3.06×10-3 3.18×10-4 9.83
2
y1 0.515 2.45 9.61×10-3 9.86×10-5 19.89
y2 0.319 1.06 4.8×10-3 2.45×10-4 12.92
3
y1 0.396 1.9 7.24×10-3 9.71×10-5 18.73
y2 0.333 0.83 2.94×10-3 2.44×10-4 10.81
Piezoelectric sensor received signals band-pass-filtered from 5 to 40 Hz, the parameters after filtered 
are shown in Table 6. 
The signal infinite norm and the energy after filtered is approximately 75% less than before filtered, 
the SNR increased by 100% compared with that before filtered. The resolution increased as the SNR 
increased at the same time. P wave first arrival pick precision was enhanced two orders of magnitude. 
Table 4 and Table 6 show the fiber grating sensors after filtered the infinite norm maximum is 7.49 x 
10-2 reached the piezoelectric sensor y2 level, being of the same order of magnitude as sensor y1. Fiber 
grating sensor received biggest energy which was 0.11 and SNR reached sensor y2 level. Fiber grating 
sensor signal after filtered frequency domain average peak bigger 0.73 x 10-4 than piezoelectric signal.
The signal energy maximum, SNR, the first arrival pick precision of sensor f1 is higher than others 
because of sensor y1 is better coupling than others. From the above fiber grating sensor monitoring level 
achieved the piezoelectric sensors in the signal strength, the SNR etc.
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Table 6.Piezoelectric sensor recorded filtered data
Striking 
times
Sensors
∞
x
2
2
x sP uP SNR(dB) tdmax(ms) tdmin(ms) Amax
1
y1 0.154 0.528 1.54×10-3 1.43×10-6 30.32
7.57×10-2 7.18×10-3
4×10-4
y 2 0.094 0.291 8.39×10-4 6.49×10-6 21.12 5×10-4
2
y 1 0.114 0.386 1.1×10-3 1.41×10-6 28.92 3.8×10-4
y 2 0.075 0.18 4.99×10-4 5.16×10-6 19.85 3.9×10-4
3
y 1 0.111 0.374 1.07×10-3 2.82×10-7 35.79 3.4×10-4
y 2 0.069 0.185 5.33×10-4 3.44×10-6 21.9 7.76×10-4
4. Conclusions
In order to make the sensor and the earth coupling better and improve the resonance frequency 
between sensor and rock strata in coal mine microseismic monitoring, we should reduce the overall mass 
of the sensor, improve the density that the sensor contacted with the rock strata, remove the loose rock, 
and build cement platform above which the sensor installed on hermetically.
Improve the resonance frequency between the sensor and the rock strata, enhance the earth elastic 
stiffness through increase sensor tailcone length. The longer tailcone may cause superimposition effect, 
suppress the high frequency signal. The shorter tailcone has strong high frequency background 
interference and low SNR. According to the theory and construction conditions limit sensor installed
underground mines should adopt 1 meter long steel tailcone, when installed in surface 0.2 meter long 
steel tailcone is suitable.
Reducing the resonance frequency can improve sensor sensitivity and SNR, but could suppress the 
high frequency signal and result in P wave first arrival pick precision decreased. It is found that the 
microseismic signal acquisition should adopt fiber grating acceleration sensor with resonant frequency at
180 Hz.
Fiber grating sensor microseismic monitoring level achieves the piezoelectric sensors in the signal 
strength, the SNR etc. Fiber grating sensor monitoring level could even exceed piezoelectric sensors
when the fiber grating sensors used in coal mine underground microseismic monitoring by improving
sensor and rock strata coupling, improving the sensor and the rock strata resonance frequency, improving
SNR and signal resolution.
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